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(54) Liquid crystal display apparatus and anti-reflection film applicable thereto 

(57) A liquid crystal display apparatus includes a liq- 
uid crystal panel for data display comprising a pair of 
oppositely disposed substrates and a liquid crystal dis- 
posed between the substrates, a sheet of substantially 
transparent protection plate disposed opposite to and 
with a prescribed gap from a display surface of the liquid 
crystal panel for protecting the liquid crystal panel, and 
a polarizer sheet for selectively transmitting light having 
a plane of polarization in a prescribed direction dis- 
posed on at least the display surface of the liquid crystal 
panel. The display apparatus further includes an anti- 
reflection film disposed on at least a front surface on an 
opposite side with respect to the liquid crystal panel of 
the protection plate among two surfaces of the protec- 



tion plate and a surface of the polarizer sheet. The anti- 
reflection film comprises a layer structure including at 
least one layer for promoting optical interference to 
decrease reflected light brightness and provided with 
surface unevennesses at a prescribed pitch. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a liquid crystal dis- 5 
play apparatus having an improved observability or 
viewing characteristic, a data transmission apparatus 
including such a liquid crystal display apparatus and an 
anti-reflection film suitable therefor. 

Hitherto, various liquid crystal display apparatus 10 
including a liquid crystal cell or panel for data display 
have been proposed. Figure 1 is a schematic sectional 
view of an example of such liquid crystal display appa- 
ratus. 

Referring to Figure 1 , a liquid crystal display appa- is 
ratus 1 includes a transmission-type liquid crystal panel 
2, a backlight device 3 for illuminating the liquid crystal 
panel 2 from a back side thereof, and a transparent pro- 
tection plate 4 for protecting the liquid crystal panel 1 
from an external impact, etc. The liquid crystal panel 2, 20 
the backlight device 3 and the protection plate 4 are 
affixed to a case or housing 5. 

The liquid crystal panel 2 is provided with a pair of 
polarizers 10a and 10b applied onto both surfaces 
thereof for transmitting only a light fraction having a pre- 25 
scribed plane of polarization, so as to leave prescribed 
gaps between the polarizer 10a and the protection plate 
4 and between the polarizer 10b and the backlight 
device 3. 

In a conventional liquid crystal display apparatus 30 
having a structure as described above, display data on 
the liquid crystal panel 2 is observed through the protec- 
tion plate 4 owing to illumination from the back side by 
the backlight device 3. 

The above-mentioned liquid crystal display appara- 35 
tus 1 may be provided with an anti-glare treatment such 
that a front surface of the polarizer 10a and both sur- 
faces of the protection plate 4 are formed in uneven sur- 
faces so as to scatter reflection light incident thereto 
from surrounding illumination appliances. 40 

Owing to the anti-glare treatment for scattering the 
reflection of incident light from environment, the glare 
may be apparently reduced, but the entire reflected light 
quantity is not decreased to make whitish the whole dis- 
play on the liquid crystal panel 2 rso that the _ obsGrvabi I- 45' 
ity or recognizability of the displayed data or content is 
liable to be lowered. 

Further, as a prescribed gap is formed between the 
liquid crystal panel 2 (or the polarizer 10a thereon) and 
the protection plate 4, the display data is blurred if the so 
degree of diffusion by the anti-glare treatment due to 
surface unevennesses on the protection plate 4 is 
increased, thus obstructing clear recognition thereof. 
Accordingly, the anti-glaring diffusivrty of the protection 
plate 4 has to be suppressed, so that the anti-glare ss 
effect is limited and a sufficient observability of display 
data on the liquid crystal pan 1 2 may not be obtained. 

In place of such an anti-glare treatment applied to 
the polarizer 10a and the protection plate 4, it may be 



conceived of forming anti- reflection layer for reducing 
reflection brightness by utilizing optical interference on 
the front surface of the polarizer 10a and both surfaces 
of the protection plate 4. In this case, the brightness of 
reflected light incident from surrounding illumination 
devices is decreased, but the contour of reflected 
images is dearly visible, so that the anti-glare effect is 
not sufficient and the display data on the liquid crystal 
panel cannot be recognized. 

The above-mentioned antiglare-type anti -surface 
reflection film, particularly one provided with surface 
micro-unevennesses, and application thereof to display 
apparatus, have been disclosed in Japanese Laid-Open 
Patent Application (JP-A) 50-96128, JP-A 55-112107, 
JP-A 59- 11 6601, etc. 

An ordinary antiglare-type anti-reflection film has 
been formed by applying a paint formed by dispersing 
silica particles within a binder vehicle. It has been also 
practiced to form a roughened antiglare surface on a 
substrate by blasting with abrasive particles or etching. 

As described above, however, such an antiglare- 
type anti-reflection film or antiglare surface may be 
effective for reducing reflected images of external light 
sources, such as interior illumination (fluorescent 
lamps, etc.) to provide an improved observability, but 
the entire reflected light quantity is not substantially dif- 
ferent from that of a non-antiglare surface, so that the 
contrast on the display surface of the display apparatus 
can be lowered by such reflected external light to result 
in an insufficient antiglare effect. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liq- 
uid crystal display apparatus with an improved observa- 
bility or recognizability of display on a liquid crystal 
panel therein. 

Another object of the present invention is to provide 
an anti-reflection film capable of exhibiting an improved 
antiglare effect and suitably used particularly for a dis- 
play apparatus. 

According to the present invention, there is pro- 
vided a liquid crystal display apparatus, comprising: a 
liquid crystal panel for data display comprising a pair of 



"oppositely aisposea substrates and a liquid crystal dis 7 " 
posed between the substrates, a sheet of substantially 
transparent protection plate disposed opposite to and 
with a prescribed gap from a display surface of the liquid 
crystal panel for protecting the liquid crystal panel, and 
a polarizer sheet for selectively transmitting light having 
a plane of polarization in a prescribed direction dis- 
posed on at least the display surface of the liquid crystal 
panel, 

wherein the display apparatus further includes 
an anti-reflection film disposed on at least a front sur- 
face on an opposite side with respect to the liquid crys- 
tal panel of the protection plate among two surfaces of 
the protection plate and a surface of the polarizer sheet, 
said anti-reflection film comprising a layer structure 
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including at least one layer for promoting optical interfer- 
ence to decrease reflected light brightness and pro- 
vided with surface unevennesses at a prescribed pitch. 

In a preferred embodiment, the surface uneven- 
nesses are provided to the anti-reflection film at a pitch s 
of at least 20 jim and at most a half of the pixel pitch of 
the liquid crystal panel. 

According to another aspect of the present inven- 
tion, there is provided an anti-reflection film, comprising 
transparent particles and a transparent binder, wherein 10 
the transparent particles are agglomerated at random 
and bound with the transparent binder, to provide a sur- 
face unevenness exceeding an average particle diame- 
ter of the transparent particles and a porosity. 

The present invention further provides a display is 
apparatus comprising a display surface for data display, 
a sheet of protection plate disposed in front of the dis- 
play surface, and the above-mentioned anti-reflection 
film formed on the display surface or on the protection 
plate. 20 

These and other objects, features and advantages 
of the present invention will become more apparent 
upon a consideration of the following description of the 
preferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view showing a basic struc- 
ture of a liquid crystal display apparatus. 30 

Figure 2 is an enlarged sectional view of a part in 
proximity to a protection plate of a liquid crystal display 
apparatus. 

Figure 3 is an enlarged sectional view of an essen- 
tial part of an embodiment of the liquid crystal display 35 
apparatus according to the present invention. 

Figure 4 is an enlarged sectional view of an essen- 
tial part of another embodiment of the liquid crystal dis- 
play apparatus according to the present invention. 

Figure 5 is a block diagram of a liquid crystal display 40 
apparatus according to the present invention. 

Figure 6 is an enlarged sectional view of an anti- 
reflection film according to an embodiment of the 
"present invention: 

Figures 7 and 8 are respectively a schematic sec- 45 
tional view of a display apparatus provided with an anti- 
reflection film according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



50 



A liquid crystal display apparatus according to an 
embodiment of the present invention may have an entire 
structure similar to one described with reference to Fig- 
ure 1. Thus, the liquid crystal display apparatus 1 ss 
includes a transmission-type liquid crystal panel 2, a 
backlight device 3 for illuminating the liquid crystal panel 
2 from a back side thereof, and a transparent protection 
plate (face plate) 4 for protecting the liquid crystal panel 



2 from an external impact, etc. The liquid crystal panel 
2, the backlight device 3 and the protection plate 4 are 
affixed to a case or housing 5. 

The liquid crystal panel 2 comprises a pair of glass 
substrates 6a and 6b, and a liquid crystal 7, such as a 
ferroelectric liquid crystal, disposed between the sub- 
strates, so that the transmittance through the liquid 
crystal 7 is controlled based on the electro-optical effect 
of the liquid crystal to display data on a data display sur- 
face 6c. 

The backlight device 3 is disposed behind the liquid 
crystal panel 2 and includes fluorescent lamps 8a and 
8b as light sources, a light-guide plate 9 surface-treated 
for luminance uniform ization, a reflection plate (not 
shown) and a diffusion plate (not shown). 

The protection plate 4 is formed of a thin sheet of 
transparent glass material (e.g., 1.8 mm-thick glass 
sheet having a refractive index (n) of 1.5), etc., and is 
disposed to face the data display surface 6c of the liquid 
crystal panel 2 with a prescribed gap therefrom so as to 
protect the liquid crystal panel 2 from an external 
impact, etc. 

On both surfaces of the liquid crystal panel 2, a pair 
of polarizers (polarizing plates) 10a and 10b each allow- 
ing selective transmission of tight having a plane of 
polarization in a prescribed direction are applied. The 
polarizer 1 0a may preferably be formed to have an une- 
ven surface as an antiglare treatment for causing scat- 
tering reflection of light incident from surrounding 
illumination appliances, etc. 

Further, on both surfaces thereof, the protection 
plate 4 may be provided with an anti -reflection film 11 
comprising a single layer of material having a refractive 
index different from that of the protection plate 4 or a 
plurality of layers (e.g., three layers 11a - 11c as in the 
embodiment of Figure 3), having mutually different 
refractive indices for controlling the brightness of 
reflected light based on optical interference, which may 
be formed, e.g., by the sol-gel coating method. 

More specifically, the anti -reflection film 11 in the 
embodiment of Figure 3 comprises three layers of an 
inner layer 11a, an intermediate layer 1 1b and an outer 
layer 1 1c, of which the inner layer 11a may be formed, 
"erg., as a 80"nnvtnick coating layer having a retractive 
index of 1.7 formed from a mixture of a silicate coating 
agent (e.g., a 1/1 (wt.) mixture of Si(OC2H 5 ) 4 and 
C 2 H 5 OH) and a titanate coating agent (e.g., a 1/4/4 (wt.) 
mixture of Ti(0-isoC 3 H 7 )V(^H50H/C2H50C2H40H) in 
a volume ratio of 65:35; the intermediate layer 11a, as 
an 80 nm-thick coating layer having a refractive index of 
2.2 formed from the titanate coating agent; and the 
titanate coating agent; and the outer layer 11c, as an 
averagely 90 nm-thick coating layer having a refractive 
index of 1.4 formed from a 6/4 mixture of the silicate 
coating ag nt and silica beads 12 having an average 
diameter of 85 nm so as to provide an uneven surface. 

tn the above-described liquid crystal display appa- 
ratus, the unevennesses of the polarizer 10a and the 
anti-glare-treated surface of the protection plate 4 may 
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be adjusted to provide improved display quality and 
anti-glare effect. More specifically, in the liquid crystal 
display apparatus having a structure as shown in Figure 
1, a series of experiments performed by us for examin- 
ing a relationship between the pitch of arrangement of 5 
matrix pixels of the liquid crystal panel 2 and the une- 
venness pitch of antiglare-treated surfaces of the polar- 
izer 10a and the protection plate 4 has revealed that an 
optical refraction irregularity between the antiglare- 
treated surface and the pixels is liable to occur in case w 
where the antiglare-treated surface has an unevenness 
pitch exceeding a half of the pixel pitch. As a result, a 
luminance irregularity is liable to occur at individual pix- 
els recognized by an observer, and the luminance irreg- 
ularity at individual pixels can change in response to 15 
movement of viewing lines or directions from the 
observer, so that the display can glare to result in an 
inferior display quality. 

Further, according to our experiments, it has been 
also found that an average unevenness pitch of the 20 
antiglare-treated surface of smaller than 20 *im can fail 
to cause sufficient diffusion of reflected light at the 
antiglare-treated surface. As a result, in the case of an 
average unevenness pitch smaller than 20 ^m of the 
antiglare-treated surface, a contour of a surrounding 25 
object, such as a surrounding illumination light source, 
can be recognized as a reflection image, thus resulting 
in an insufficient antiglare effect. 

Taking the above-mentioned experimental results 
into consideration, in the embodiment of the liquid crys- 30 
tal display apparatus according to the present invention, 
the average unevenness pitch of the anti-reflection film 
11 provided by inclusion of silica beads 12 in the outer 
layer 11 c, and the average unevenness pitch of the 
antiglare-treated surfaces of the polarizer sheets 10a 35 
and 10b, may respectively be set to at most a half of a 
pixel pitch (e.g., 1 15 urn) of the liquid crystal panel 2 and 
at least 20 jim, preferably in the range of 20 - 30 \im. 

Incidentally, an anti-reflection film having an outer- 
most unevenness-imparted surface as described above 40 
can also be formed on a front surface of the polarizer 
10a facing the protection plate 4. It is further preferred 
that the remaining surfaces among both surfaces of the 
protection plate and the front surface of the polarizer 
other than thosenprovtded^trrTh^bove-memioned 45" 
anti-reflection film are antiglare-treated for promoting 
random reflection. 

The function of the above-mentioned embodiment 
of the liquid crystal display apparatus will now be 
described. 50 

The fluorescent lamps 8a and 8b of the backlight 
device 3 are turned on to illuminate the liquid crystal 
panel 2 from the back side thereof, so that data dis- 
played on the data display surface 6c side of the liquid 
crystal panel 2 can be viewed through the protection ss 
plate 4. 

As a structure including the protection plate 4 sup- 
presses an external stress applied to the liquid crystal 
panel 2. th occurrence of alignment disorder of the liq- 



uid crystal 7 may be prevented be ensure a good dis- 
play quality. Particularly, in the case of a ferroelectric 
liquid crystal utilizing an alignment state in smectic 
phase, it is important to suppress an external stress so 
as to prevent an alignment disorder. 

Both surfaces of the protection plate are respec- . 
tively provided with an anti-reflection film 1 1 comprising 
three layers 11a - 11c including an outermost layer 11c 
in which silica beads 12 are dispersed to provide a sur- 
face unevenness as an antiglare treatment. Particularly, 
the average surface unevenness pitch of the outer layer 
1 1c of the anti-reflection film 1 1 , and the average sur- 
face unevenness pitch of the antiglare-treated surfaces 
of the polarizers 10a and 10b, are respectively set to be 
at most a half of pixel pitch (e.g., 1 15 \im) of the liquid 
crystal panel 2 and at least 20 jim, preferably in the 
range of 20 - 30 jim, so that reflected light of incident 
light from illumination appliances, etc., is reduced in its 
brightness owing to optical interference and diffusion 
effect, while suppressing whitish appearance of the dis- 
play surface due to scattered reflection light and reflec- 
tion of images of surrounding objects such as 
illumination appliances, thus allowing improved recogni- 
tion of display on the liquid crystal panel 2. 

Particularly, by adjusting the unevenness pitch of 
the antiglare-treated outermost layer of the anti-reflec- 
tion film 11 in the above-described manner, the occur- 
rence of optical irregularity in display on the liquid 
crystal panel 2 and the occurrence of reflection images 
of surrounding objects are prevented to provide an 
improved antiglare effect and maintain a good display 
quality. 

Further, as the surface of the polarizer 10 is also 
antiglare-treated (in case where the anti-reflection film 
is not provided thereon), the reflection glare on the sur- 
face of the polarizer 10a is also suppressed. 

Next, a second embodiment will now be described 
with reference to Figure 4. 

In this embodiment shown in Figure 4, the protec- 
tion plate 4 is provided with a single-layered anti-reflec- 
tion film 13 each on both surfaces thereof. Each anti- 
reflection film 13 may be formed, e.g., by the sol-gel 
coating method. 

More specifically, the anti-reflection film 13 mav for 
example be formed in an average thickness of 100 nm 
to have a refractive index of 1.4 by applying a silicate 
coating agent together with silica beads having an aver- 
age diameter of 85 nm mixed therewith so as to provide 
a surface unevenness to the anti-reflection film 13. 

The average unevenness pitch provided by inclu- 
sion of the silica beads onto the anti-reflection film 13 
may be set to at most a half of the pixel pitch (e.g., 115 
nm) of the liquid crystal panel 2 and at least 20 nm, pref- 
erably 20 - 30 jim. 

The liquid crystal panel 2 is provided on both sur- 
faces thereof with a pair of polarizers 10a and 10b, 
respectively, and the polarizer 10a on the front side is 
coated with an anti-reflection film 14 of, e.g, a metal 
oxide or fluoride. 
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The other structures in the second embodiment are 
similar to those in the first embodiment. 

In this embodiment, a single-layered anti-reflection 
film 1 3 is formed on both surfaces of the protection plate 
4, a surface unevenness is provided by inclusion of the s 
silica beads 12 as an antiglare treatment, and particu- 
larly the unevenness pitch provided to the anti-reflection 
film 1 3 is set to at most a half of the pixel pitch of the liq- 
uid crystal panel 2 and at least 20 jam, preferably 20 - 30 
jtm, the luminance of reflected light arising from incident 10 
light from illumination appliances, etc. is reduced to sup- 
press a whitish appearance of the display surface due to 
scattered reflection light, and the occurrence of reflec- 
tion images of surrounding objects, such as illumination 
appliances, is remarkably prevented to allow an easy is 
recognition of display on the liquid crystal panel 2. 

Particularly, by adjusting the unevenness pitch of 
the antiglare-treated anti-reflection film 13 in the above- 
described manner, the occurrence of optical irregularity 
in display on the liquid crystal panel 2 and the occur- 20 
rence of reflection images of surrounding objects are 
prevented to provide an improved antiglare effect and 
maintain a good display quality. 

Further, as the front surface of the polarizer 10a is 
coated with an anti-reflection film 14, the reflection of 25 
incident light from surrounding illumination appliances, 
etc., at the surface of the polarizer 10a is suppressed. 

In the above embodiment, both surfaces of the pro- 
tection plate 4 are provided with an anti-reflection film 
1 3 having three layers or an anti-reflection film 1 1 of a 30 
single layer so as to have an uneven surface by inclu- 
sion of silica beads 12. However, it is also possible to 
use, in place of the silica beads 12. other transparent 
particles having a refractive index similar to that of the 
outermost layer 1 1c of the anti-reflection film 1 1 or that 35 
of the anti-reflection film 1 3 and a diameter smaller than 
the thickness of the layer 11c or the film 13 or non- 
spherical (e.g., acircular or bar-shaped) paraticles for 
providing a surface unevenness to the outer layer 1 1c or 
the anti-reflection film 1 3. 40 

Alternatively, it is also possible to form the three lay- 
ers of anti-reflection film 11 or the outer layer 11c 
thereof together with a surface unevenness, or the sin- 
gle-layered anti-reflection film 13 or a surface uneven- 
-ness-thefeof by printing: 



scanning signal application circuit 23, and the data sig- 
nal control circuit 26 supplies display data to the data 
signal application circuit 24. Further, the graphic con- 
troller 22 supplies data and a scanning scheme signal to 
the scanning signal control circuit 25 and the data signal 
control circuit £6 via the drive control circuit 27. 

The data supplied from the scanning signal control 
circuit 25 and the data signal control circuit 26 is con- 
verted into address data and display data, and the scan- 
ning scheme signal is supplied as it is to the scanning 
signal application circuit 23 and the data signal applica- 
tion circuit 24. 

The scanning signal application circuit 23 supplies 
a scanning signal having a waveform determined based 
on the scanning scheme signal to the scanning elec- 
trodes sequentially selected based on the address data, 
and the data signal application circuit -24 supplies data 
signals having waveforms determined based on the dis- 
play data corresponding to the white or black display 
state and the scanning scheme signal. 

Next, a preferred embodiment of the antiglare-type 
anti-reflection film which may be suitably used in display 
apparatus in general will now be described. 

Figure 6 is an enlarged sectional view of an anti- 
reflection film according to an embodiment of the 
present invention. Referring to Figure 6, the anti-reflec- 
tion film 101 comprises a multitude of silica particles 
102 and a binder glass 103 binding the silica particles, 
and is formed on a transparent glass substrate 104. 

The multitude of silica particles 102 are agglomer- 
ated at random so that each agglomerate includes, e.g., 
ca. 150 - 300 particles and the silica particles 102 are 
bound by the binder glass 103 to be attached so as to 
form an irregular unevennesses at irregular pitch on the 
order of at least 10 times, preferably at least 100 times, 
the average particle diameter and a difference in height 
(roughness) of, e.g., at least ca. 1 times, preferably at 
least ca. 2 times the average particle diameter. Further, 
the degree of random agglomeration may be repre- 
sented by a a-value of agglomerate size distribution of 
at least 30 % of the average. 

The individual silica particles 102 are bound by the 
binder 103 and connected to each other in an irregular 
and three-dimensional matrix to provide a porous film 



45 t01 by minute bubbles 1U5 ana pores in the binder 



Figure 5 is a block diagram of a data transmission 
apparatus 20 including a liquid crystal display apparatus 
1 as described above. The data transmission apparatus 
20 includes the above-mentioned liquid crystal display 
apparatus 1, a drive controller unit 21 and a graphic so 
controller 22. 

The liquid crystal panel 2 of the liquid crystal dis- 
play apparatus 1 has, e.g., 1280x1024 pixels and is 
connected with a scanning signal application circuit 23 
and a data signal application circuit 24. 55 

The drive controller unit 21 includes a scanning sig- 
nal control circuit 25, a data signal control circuit 26 and 
a drive control circuit 27. The scanning signal control 
circuit 25 supplies scanning line address data to the 



glass 103. A preferred degree of porosity may be a vol- 
ume percentage of 20 - 80 % of voids (bubbles and 
pores) in the film. 

The anti-reflection film 101 may be basically formed 
by a sol-gel process wherein a sol after some degree of 
gelling for providing an appropriate size of agglomerate 
is blended with silica particles 102, applied on the glass 
substrate 104 and baked thereon. 

As an example of preferred sizes, the silica parti- 
cles may have a particle diameter of 50 - 100 nm, and 
the anti-reflection film may have a thickness of 1O0 - 200 
nm, a silica particle mixing ratio of 1/3 - 273, an average 
unevenness pitch of 5 - 15 \xm an average roughness 
pitch of 0.1 - 0.3 \itr\, a void (pore or bubble) size of 0.1 
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- 1 urn, and a refractive index of 1 .2 ■ 1 .4. 

The preparation of such an anti-reflection film 101 
is described with reference to a specif ic example. 

First, 30 g of tetraethylorthosilicate (Si(OC 2 H 5 )4), 
15 g of ethanol (C 2 H 5 CH), 072 ml of hydrochloric acid 
(HCI. 30 mol. % aqueous solution) and 4.66 ml of pure 
water (H 2 0) were blended with each other and, after 
aeration with nitrogen (N 2 ), reacted for 24 hours. 

Then, ethanol (C 2 H 5 OH) was added to the reaction 
liquid to supplement the amount of ethanol lost by evap- 
oration due to the N 2 aeration, and an appropriate 
amount of ethylcellosolve (C 2 H 5 OC 2 H 4 OH) was added 
so that the resultant liquid contained 4 wt. % of silica 
(calculated as Si0 2 ). The reaction liquid was filter under 
pressure through membrane filters of 3 urn and 0.25 jim 
in superposition to prepare a sol. 

Separately, a silica liquid ("Organo Silica Sol EG* 
ST-ZL" (trade name) available from Nissan Kagaku 
Kogyo K.K., dispersed in ethylene glycol, particle diam- 
eter = 70 - 1 00 nm) was subjected to stirring and disper- 
sion for 5 min. by a homogenizer at 15000 rpm to 
prepare a silica dispersion. Then, the above-prepared 
sol and silica dispersion were blended in a ratio of 2:1 to 
obtain a mixture liquid, which was then subjected to spin 
coating on a glass substrate for 5 sec at 300 rpm and 30 
sec at 2000 rpm, followed by baking for 15 min at 180 
°C and 60 min at 340 °C, to form an anti-reflection film. 

The thus-formed anti-reflection film 101 was found 
to have a sectional structure as shown in Figure 6. It 
had been found possible to control the macroscopic sur- 
face unevenness size due to agglomeration of silica par- 
ticles 102 by changing the standing time between the 
spin coating for 5 sec at 200 rpm and the spin coating 
for 30 sec at 2000 rpm (allowing change with time under 
standing of the sol and the silica dispersion) to some 
extent such that a longer standing time provided a 
larger unevenness. 

For example, in the case where the standing time 
was within 1 min. on a soda line glass substrate 104, the 
resultant anti-reflection film 101 provided a surface une- 
venness having an average pitch smaller than 15 \im 
and an average roughness smaller than 0.3 \itr\. 

As shown in Figure 6, the anti-reflection film 101 
exhibited a microscopic structure include many minute 
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Fresnel reflection coefficient, thus providing a sufficient 
anti-reflection effect. 

Thus, the anti-reflection film according to this 
embodiment, regardless of a single layer structure 
thereof, can exhibit sufficient scattering effect (antiglare 
effect) and anti-reflection effect, thus providing an 
improved antiglare performance. 

Figure 7 is a schematic sectional view of an exam- 
ple of display apparatus including an anti-reflection film 
101 as described above. 

The display apparatus 1 10 is a liquid crystal display 
apparatus equipped with a tablet for pen inscription 
(input) and includes a liquid crystal display panel 11 1, a 
backlight 112, and a glass-made tablet sheet 113, 
which are incorporated within and attached to a housing 
1 15, and may be used together with an ultrasonic wave- 
generating pen 1 14. 

Both surfaces of the tablet sheet 113 are provided 
with an anti-reflection film 101 described above. 

As the tablet sheet 1 13 for pen-input with the ultra- 
sonic generating pan 1 14 of the display apparatus 110 
is provided with the anti-reflection film 101. even if light 
A from the room illumination is incident to the surface of 
the tablet sheet 1 1 3, a sufficient scattering effect and an 
anti-reflection effect can be attained as described 
above, so that the deterioration of display quality due to 
the reflection light B can be remarkably reduced. 

As a result, it becomes possible to provide 
improved antiglare effect and recognizability of display 
data on the liquid crystal display panel illuminated by 
the backlight 112. 

Rgure 8 is a schematic sectional view of a display 
apparatus including a CRT and provided with an anti- 
reflection film 101 as described above. 

The display apparatus 120 includes a CRT 122 for 
data display disposed within a housing 121 , and the dis- 
play surface of the CRT 121 is coated with an anti- 
reflection film 101 as described above. 

As the display surface of the CRT 122 of the display 
apparatus is coated with the anti-reflection film 101, 
even if light A from the room illumination (fluorescent 
lamp, etc.) is incident to the display surface of the CRT 
122, a sufficient scattering effect and an anti-reflection 
effect can be attained as described above, so that the 
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B can be remarkably reduced. 

As a result, it becomes possible to provide 
improved antiglare effect and recognizability of display 
data on the CRT 122. 
so In the display apparatus 1 10 shown in Figure 7, the 
anti- reflection films 101 are formed on a tablet sheet 
113. In an ordinary liquid crystal display apparatus as 
shown in Figure 1 having no tablet sheet, the anti-reflec- 
tion film may be provided on one or both surfaces of a 
55 protection plat 4 disposed in front of a liquid crystal 
panel so as to provide improved antiglare effect and rec- 
ognizability. 

In the display apparatus 1 20 shown in Figure 8, the 
anti-reflection film 101 is formed on the CRT surface. 



most 1 |im (on or smaller than the order of visible wave- 
lengths), thus forming a very fine porous structure. 

When light (denoted by A in Figure 6) from interior 
illumination source (fluorescent lamps etc.) was incident 
to the anti-reflection film 101, the light was scattered at 
the surface unevenness to provide reflected light (B in 
Figure 6), whereby a sufficient scattering effect 
(antiglare effect) was attained. 

The anti-reflection film 101 was formed in a fine 
porous structure and therefore exhibited a refractive 
index of at most 1 .3 smaller than that (1 .5 or smaller) of 
the silica particles and the binder glass 103. 

Accordingly, the anti-reflection film 101 exhibited a 
smaller refractive index difference with air and a smaller 
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However, it is also possible to coat both surfaces of a 
transparent sheet member with an anti-reflection film 
101 as described above, and dispos th coated trans- 
parent sheet member in front of a display apparatus as 
a separate antiglare filter. 

The anti-reflection film described with reference to 
Figure 6 may also be applied to any type of display 
apparatus, including plasma display apparatus in addi- 
tion to the CRT display apparatus shown in Figure 8 and 
the liquid crystal display apparatus shown in Figure 7. 

As described above, the present invention provides 
a display apparatus including an anti -reflection film dis- 
posed on at least a front surface on an opposite side 
with respect to the liquid crystal panel of the protection 
plate among two surfaces of the protection plate and a 
surface of the polarizer sheet, such that the anti-reflec- 
tion film has a layer structure including at least one layer 
for promoting optical interference to decrease reflected 
light brightness and provided with surface unevenness 
at a prescribed pitch, whereby the luminance of 
reflected light of incident tight from illumination appli- 
ances, etc., is reduced to suppress a whitish appear- 
ance due to scattering of reflected light, and the 
occurrence of reflection images of such illumination 
appliances, etc., is prevented, thus allowing an easy 
and better recognition of display on the liquid crystal 
panel. 

Further, by setting the surface unevenness pitch of 
the anti-reflection film to at least 20 }im and at most a 
half of the pixel arrangement pitch of the liquid crystal 
panel, it becomes possible to prevent the occurrence of 
optical irregularity in display and provide an improved 
antiglare effect, thus maintaining a good display quality. 

The present invention further provides a porous 
anti-reflection film comprising transparent particles 
agglomerated at random and a transparent binder bind- 
ing the transparent particles and provided with a surface 
unevenness exceeding the average particle size (diam- 
eter) of the transparent particles. The anti-reflection film 
shows a sufficient scattering effect (antiglare effect) and 
anti-reflection effect. By applying the anti-reflection 
effect onto display apparatus, such as a liquid crystal 
display apparatus and a CRT display apparatus, it is 
possible to provide improved antiglare effect and 
observabilrtyofsuc^drsplayapparatus 

A liquid crystal display apparatus includes a liquid 
crystal panel for data display comprising a pair of oppo- 
sitely disposed substrates and a liquid crystal disposed 
between the substrates, a sheet of substantially trans- 
parent protection plate disposed opposite to and with a 
prescribed gap from a display surface of the liquid crys- 
tal panel for protecting the liquid crystal panel, and a 
polarizer sheet for selectively transmitting Eight having a 
plane of polarization in a prescribed direction disposed 
on at least the display surface of the liquid crystal panel. 
The display apparatus further includ s an anti-reflection 
film disposed on at least a front surface on an opposite 
side with respect to the liquid crystal panel of the protec- 
tion plate among two surfaces of the protection plate 



and a surface of the polarizer sheet. The anti-reflection 
film comprises a layer structure including at least one 
layer for promoting optical interferenc to decrease 
reflected light brightness and provided with surface une- 
s vennesses at a prescribed pitch. 

Claims 

1 . A liquid crystal display apparatus, comprising: a liq- 
10 uid crystal panel for data display comprising a pair 

of oppositely disposed substrates and a liquid crys- 
tal disposed between the substrates, a sheet of 
substantially transparent protection plate disposed 
opposite to and with a prescribed gap from a dis- 
75 play surface of the liquid crystal panel for protecting 
the liquid crystal panel, and a polarizer sheet for 
selectively transmitting light having a plane of polar- 
ization in a prescribed direction disposed on at 
least the display surface of the liquid crystal panel. 
20 wherein the display apparatus further 

includes an anti-reflection film disposed on at least 
a front surface on an opposite side with respect to 
the liquid crystal panel of the protection plate 
among two surfaces of the protection plate and a 
25 surface of the polarizer sheet, said anti-reflection 
film comprising a layer structure including at least 
one layer for promoting optical interference to 
decrease reflected light brightness and provided 
with surface un evennesses at a prescribed pitch. 

30 

2. A display apparatus according to Claim 1, wherein 
a surface facing the protection plate of the polarizer 
sheet is provided with an antiglare surface for pro- 
moting random reflection of light. 

35 

3. A display apparatus according to Claim 1, wherein 
a remainder except for the one provided with the 
anti-reflection film among the two surfaces of the 
protection plate and the surface of the polarizer 

40 sheet, is provided with an antiglare surface for pro- 
moting random reflection of light. 

4. A display apparatus according to Claim 1 , wherein 
said liquid crystal is a ferroelectric liquid crystal. 

~45 

5. A display apparatus according to Claim 1 , wherein 
said anti-reflection film is formed in three layers 
formed from a silicate coating agent and a titanate 
coating agent, including a lowermost layer formed 

so from a mixture of the silicate coating agent and the 
titanate coating agent and having a refractive index 
intermediate between those of a layer of the silicate 
coating agent and a layer of the titanate coating 
agent. 

55 

6. A display apparatus according to Claim 1, wherein 
th surface unevennesses provided to the anti- 
reflection film are formed from particles having a 
prescribed diameter. 
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7. A display apparatus according to Claim 1 , wherein 
said particles comprise silica beads. 

8. A display apparatus according to Claim 1 , further 
including a graphic controller for outputting a data 5 
signal and a scanning scheme signal, a scanning 
signal control circuit for outputting scanning line 
address data and a scanning scheme signal, and a 
data signal control circuit for outputting display data 
and a scanning scheme signal. w 

9. A liquid crystal display apparatus, comprising: a liq- 
uid crystal panel for data display comprising a pair 
of oppositely disposed substrates and a liquid crys- 
tal disposed between the substrates so as to form a is 
matrix of pixels arranged at a prescribed pixel pitch, 

a sheet of substantially transparent protection plate 
disposed opposite to and with a prescribed gap 
from a display surface of the liquid crystal panel for 
protecting the liquid crystal panel, and a polarizer 20 
sheet for selectively transmitting light having a 
plane of polarization in a prescribed direction dis- 
posed on at least the display surface of the liquid 
crystal panel, 

wherein the display apparatus further 25 
includes an anti-reflection film disposed on at least 
a front surface on an opposite side with respect to 
the liquid crystal panel of the protection plate 
among two surfaces of the protection plate and a 
surface of the polarizer sheet, said anti-reflection 30 
film comprising a layer structure including at least 
one layer for promoting optical interference to 
decrease reflected light brightness and provided 
with surface unevennesses at an average pitch of at 
least 20 urn and at most a half of the pixel pitch of 35 
the liquid crystal panel. 

10. A display apparatus according to Claim 9, wherein 
a surface facing the protection plate of the polarizer 
sheet is provided with an antiglare surface for pro- 40 
moting random reflection of light. 

11. A display apparatus according to Claim 9, wherein 
a remainder except for the one provided with the 
aTO^Iectiorrfilm among the two surfaces of the 45" 



coating agent and a layer of the trtanate coating 
agent. 

14. A display apparatus according to Claim 9. wherein 
the surface unevennesses provided to the anti- 
reflection film are formed from particles having a 
prescribed diameter. 

15. A display apparatus according to Claim 9. wherein 
said particles comprise silica beads. 

16. A display apparatus according to Claim 9, further 
including a graphic controller for outputting a data 
signal and a scanning scheme signal, a scanning 
signal control circuit for outputting scanning line 
address data and a scanning scheme signal, and a 
data signal control circuit for outputting display data 
and a scanning scheme signal. 

1 7. An anti-reflection film, comprising transparent parti- 
cles and a transparent binder, wherein the transpar- 
ent particles are agglomerated at random and 
bound with the transparent binder, to provide a sur- 
face unevenness exceeding an average particle 
diameter of the transparent particles and a porosity. 

18. An anti-reflection film according to Claim 17, 
wherein said toner particles comprise silica parti- 
cles. 

19. An anti -reflection film according to Claim 17, 
wherein said transparent particle comprises an 
inorganic glass. 

20. An anti-reflection film according to Claim 17, 
wherein said transparent binder comprises a glass 
material principally comprising silica. 

21. An anti-reflection film according to Claim 17, which 
has been formed by blending silica particles as the 
transparent particles with a silica sol after a control- 
led degree of gelling, applying a resultant mixture 
liquid onto a substrate to form a coating layer, and 
calcining the coating layer. 



protection plate and the surface of the polarizer 
sheet, is provided with an antiglare surface for pro- 
moting random reflection of light. 

12. A display apparatus according to Claim 9, wherein so 
said liquid crystal is a ferroelectric liquid crystal. 

13. A display apparatus according to Claim 9, wherein 
said anti-reflection film is formed in three layers 
formed from a silicate coating agent and a titanate ss 
coating agent, including a lowermost layer formed 
from a mixture of the silicate coating agent and the 
trtanate coating agent and having a refractive index 
intermediate between those of a layer of th silicate 



22. A display apparatus comprising a display unit hav- 
ing a display surface for data display, and an anti- 
reflection film according to any of Claims 17-21 
disposed on the display surface or on at least one 
surface of a transparent sheet member disposed in 
front of the display surface. 

23. A display apparatus according to Claim 22, wherein 
the display unit comprises a cathode ray tube. 

24. A display apparatus according to Claim 22, wherein 
the display unit comprises a liquid crystal display 
apparatus. 
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with a prescribed gap from a display surface of the liquid 
crystal panel for protecting the liquid crystal panel, and 
a polarizer sheet for selectively transmitting light having 
a plane of polarization in a prescribed direction dis- 
posed on at Jeast the display surface of the liquid crystal 



panel. The display apparatus further includes an anti- 
reflection film (11) disposed on at least a front surface 
on an opposite side with respect to the liquid crystal 
panel of the protection plate among two surfaces of the 
protection plate (4) and a surface of the polarizer sheet 
(10). The anti-reflection film (11) comprises a layer 
structure including at least one layer for promoting opti- 
cal interference to decrease reflected light brightness 
and provided with surface unevennesses at a pre- 
scribed pitch. 
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